Administration of 80% intraoperative oxygen has been proposed as being a cheap, safe and effective means of reducing postoperative nausea and vomiting (PONV) but no studies have been performed in the high risk paediatric population. We tested whether 80% intraoperative oxygen reduces PONV in well children undergoing elective day-stay dental treatment under general anaesthesia. Ninety-five children received standardized sevoflurane, morphine, vecuronium anaesthesia with either 30% or 80% intraoperative oxygen and no antiemetic prophylaxis in a randomized, double blind, prospective trial. There was no difference in PONV or in the use of rescue ondansetron between the groups. The total incidence of PONV was 40% in the group that received 30% oxygen and 33% in those that received 80% oxygen. High inspired intraoperative oxygen was not found to significantly reduce PONV in well children undergoing dental work under general anaesthesia.
There has been considerable interest in a possible antiemetic effect of high inspired oxygen concentration. Three double-blind prospective trials in adults have reported a 50% reduction in nausea and vomiting with the use of 80% compared with 30% inspired oxygen in patients undergoing adult colon surgery 1 , gynaecological laparoscopy 2 and during ambulance transport of elderly minor trauma patients 3 . As a consequence, articles 4, 5 and consensus guidelines 6 on postoperative nausea and vomiting (PONV) have appeared, advocating high inspired oxygen as a cheap, safe and effective antiemetic. more recently, a number of studies have failed to show oxygen has an antiemetic effect after thyroidectomy 7 and gynaecological laparoscopy 8 or have suggested the effect is short lived after breast surgery 9 . No study to date has examined paediatric patients, a group with increased rates of PONV compared with adults 10 . Paediatric dental patients provide a useful study group, as they include a large number of otherwise well children undergoing moderately long procedures (permitting reasonable exposure to increased inspired oxygen) and have been reported to have a significant incidence (20 to 45%) of PONV 11, 12, 13 . Hence we aimed to determine whether intraoperative 80% oxygen reduces the incidence of PONV in well children undergoing elective extractions and/or restorations. Our anaesthesia protocol included intubation and intravenous morphine in all these patients.
mETHODS
Following approval from the royal Children's Hospital ethics committee and informed parental consent, 100 elective day surgery dental patients due to undergo dental restorations and/or extractions under general anaesthesia were recruited. Included patients were ASA I, aged 2 to 15 years. Patients with significant physical or intellectual disability, contraindications to study protocol (such as drug allergy), anaesthetic duration less than 20 minutes or who received nitrous oxide were excluded. Patients were randomized by opening sequentially numbered sealed envelopes prepared by an independent person according to computer-generated random numbers. Patients, parents, dental surgeons and assessing nursing staff were blind to patient grouping, while the anaesthetist was not. Patients received paracetamol 20 mg/kg orally 30 minutes prior to surgery. Anaesthesia was induced with sevoflurane in 100% oxygen. An intravenous line was then sited and vecuronium 0.1 mg/kg and morphine 0.1 mg/kg administered. A nasal tracheal tube and throat pack were then inserted. Anaesthesia was maintained with sevoflurane titrated by the anaesthetist in 30% or 80% oxygen in nitrogen as per randomization. Inspired oxygen was measured by a Datex-Ohmeda AS/3 gas analyser sampling from the filter at the y-piece of a circle circuit. local anaesthetic was administered by the dental surgeon prior to extractions. Patients received a total of 10 ml/kg lactated ringer's solution with intravenous fluids discontinued at the end of the case. Endtidal PCO2 was maintained at 30 to 35 mmHg by intermittent positive pressure ventilation. On case completion, sevoflurane was discontinued, atropine 20 mg/kg, neostigmine 50 mg/kg and 100% oxygen was administered. Once extubated, patients were transferred to the recovery area where oxygen was provided as required to maintain arterial haemoglobin oxygen saturation greater than 94%. Postoperatively, standardized analgesia (morphine 0.025 mg/kg IV and ibuprofen 10 mg/kg PO) and standardised rescue antiemetic (ondansetron 0.1 mg/kg IV) was prescribed and administered as required at the discretion of the nurse. During the approximate 15 minutes in recovery, maximum pain score (nurse assessment on a 6 point scale where 0= no pain, 5=most severe pain possible), nausea and vomiting (nurse assessment as: nil, nausea only-by questioning, vomiting/dry retching-by observation), rescue ondansetron administration, oxygen saturation breathing air at 15 minutes and morphine dose required were recorded. In the following hours in the day procedure ward, maximum pain score, presence of nausea or vomiting, administration of rescue ondansetron and any episodes of arterial haemoglobin oxygen desaturation were recorded. Total incidence of PONV was defined as the percentage of patients who experienced any nausea, vomiting or dry retching either in recovery and/or the day procedure ward. Similarly, total incidence of rescue ondansetron administration was the percentage who received ondansetron in either location.
Statistics
Internal audit of dental procedures and literature review suggested a 30% PONV rate in this group. Assuming a 50% reduction in PONV based on the previous reported effectiveness of high inspired oxygen, we calculated we would require 120 patients per group. However, patient recruitment was significantly slower than predicted and time limitations required termination of the study at 100 patients. The primary outcome was the incidence of PONV.
The data obtained from the two groups was compared as follows: age was evaluated with the Kruskal-Wallis test (as there was a predominance of younger children with 75% 6 years old or less); anaesthetic duration and oxygen saturation by two sample t-test; gender and total incidence of PONV by Chi-squared. The operation type, incidence of nausea and vomiting in recovery and the day procedure ward, pain scores and rescue ondansetron use were evaluated by Fisher's exact test. P<0.05 was considered statistically significant.
rESUlTS
Of the 100 patients consented, five were subsequently excluded. One (who had no nausea or vomiting) in the 80% group for anaesthetic duration of five minutes, and four (one of whom vomited in the day procedure ward) in the 30% group for inadvertent nitrous oxide administration, started by the anaesthetist at induction. results are presented in Figure 1 and Table 1 . Age, anaesthetic duration, recovery pain score, recovery arterial haemoglobin oxygen saturation and day procedure pain score were comparable in both groups, while there was a trend towards a greater number of females and increased morphine use in recovery in the 30% oxygen group. In those undergoing restorations alone, all pain scores were 0, while in those who underwent extractions there were no pain scores greater than 3. There were no recorded incidences of arterial haemoglobin oxygen desaturation in the day procedure ward. There was no statistical difference in the incidence of nausea and vomiting in recovery, the day procedure ward or in the total incidence of PONV. There was also no difference in rescue ondansetron use between the groups. Six of the seven who experienced nausea alone and 25 of the 28 who vomited were given rescue ondansetron. A single patient was recorded as receiving ondansetron without any nausea or vomiting.
DISCUSSION
This study shows 80% versus 30% intraoperative oxygen is not significantly antiemetic in well children undergoing dental work under general anaesthesia.
With an observed incidence of PONV of 40%, this study had a sample size adequate to detect a 50% reduction in PONV, hence the observed reduction from 40 to 33% was not significant. A 7% observed decrease in PONV would require a patient sample size of almost 800 to reach statistical significance and such a small improvement in PONV would be of limited clinical value. 3 . The investigators felt this patient group was unlikely to have intestinal ischaemia and proposed an alternative mechanism of oxygen-attenuated dopamine production from the carotid bodies leading to reduced activation of the chemoreceptor trigger zone. This raised the possibility of oxygen being antiemetic outside the bounds of abdominal surgery. However, it could be argued that elderly patients are likely to have a significant degree of atherosclerosis and might well suffer reduced intestinal blood flow in the face of sympathetic activation in association with the stress of even minor trauma. Subsequently, the same group has published a fourth study of 150 patients undergoing thyroidectomy with 80% intraoperative oxygen showing no benefit in reducing PONV 7 .
Other researchers have also failed to find oxygen antiemetic. In a trial of 50% oxygen intraoperatively and two hours postoperatively in 100 breast surgery patients, immediate postoperative vomiting (while receiving oxygen) was reduced but not PONV overall 9 . The same group also investigated 100 patients undergoing gynaecological laparoscopic surgery 8 and found no reduction in PONV with intraoperative and 1-hour postoperative 80% oxygen. Of note, the duration of laparoscopic surgery and anaesthesia, and hence exposure to increased oxygen and potential intestinal ischaemia was relatively short at a mean of 45 minutes compared with 1.5 hours in the previous laparoscopy trial that found a 50% reduction in PONV 2 . Following the report of reduced nausea during ambulance transport 3 , others sought to determine if 80% oxygen compared with air reduced motion sickness in a crossover trial in 20 healthy young people, but found no benefit 14 .
PONV is multifactorial and oxygen may be effective in some situations but not in others, depending on the cause. It appears oxygen does not exert a generalized antiemetic effect but may be of benefit in attenuating specific emetogenic triggers, with current evidence favouring intestinal ischaemia as the most likely mechanism of those proposed thus far. There is no direct evidence linking inspired oxygen level, degree of intestinal ischaemia and PONV. Thus the intestinal ischaemia model should be considered speculative as the only evidence supporting it is that the three studies showing a reduction in PONV with oxygen were conducted in patients where relative intestinal ischaemia was possible, while those studies where ischaemia was less likely (including this study) showed no benefit.
A number of previous studies in adults have continued high inspired oxygen into the recovery Confounding factors may have contributed to this 7% difference, as there was a trend to a higher incidence of morphine use in recovery in the 30% oxygen group, which could be expected to exaggerate PONV. Although there were more females in the 30% group, this is not likely to have affected the results as, although being female is a risk factor for PONV in adults, it is said not to influence the rates of PONV pre-puberty 6, 10 . Only seven children were more than ten years old, including one female and one male who suffered PONV in the 30% and 80% groups respectively. Other potential confounding factors such as anaesthetic duration, operation type, patient age and local anaesthetic administration were evenly distributed between the groups.
Previously, three initial studies from a single group of investigators raised hopes that oxygen might be a cheap, effective and safe antiemetic 1, 2, 3 . They demonstrated a 50% reduction in PONV in 231 patients undergoing colonic resection 1 and in 240 gynaecological laparoscopy patients 2 . On the basis of these results they proposed a mechanism of attenuation of intraoperative intestinal ischaemia preventing generation of emetogenic substances, such as serotonin, that might cause subsequent PONV. Their third study showed oxygen reduced both nausea and vomiting in a non-surgical group of 100 elderly patients undergoing ambulance transport with minor period 1, 8, 9 . We did not continue the high-inspired oxygen postoperatively, believing application of tightfitting masks impractical in children. It is possible ongoing oxygen administration into the recovery period could have been of benefit in reducing PONV.
Overall an incidence of PONV of 37% was observed, which represents a baseline rate for well children undergoing non-invasive surgery using a volatile, relaxant, opioid technique without antiemetic prophylaxis. In a similar prospective trial in paediatric dental surgery using 50% oxygen, halothane, nitrous oxide, fentanyl and atracurium, the control group of 30 patients who did not receive antiemetic prophylaxis had a 47% incidence of emesis 13 . Other reported rates after dental surgery of 31% 11 and 21% 12 are not directly comparable as they were based on patient interview/questionnaire and did not include a standardized anaesthetic. Clearly, a lower incidence of PONV could be achieved using a different anaesthetic regimen, for example propofol infusion, omission of opioid and prophylactic antiemetic, but such techniques may incur other costs such as increased pain, increased incidences of awareness and exposure to additional drugs. Our aim was to evaluate whether 80% oxygen is antiemetic, not to determine the ideal anaesthetic technique for dental surgery. many studies of PONV in children have measured vomiting alone, due to the difficulty in diagnosing nausea in younger children 6 . We elected to measure PONV as assessed by experienced paediatric recovery nurses, as we believe this is more clinically relevant, as it represents when intervention (such as antiemetic administration) will occur. In practice, a diagnosis of nausea, without vomiting or retching, occurred in only seven children (aged 2, 3, 3, 4, 9, 10 and 11 years). Postoperative pain was well controlled, with only 13% requiring recovery morphine and no pain scores of 4 or 5 recorded.
Whether 80% oxygen is safe has generated some debate 1, 15 . We did not attempt to address this question directly but noted that arterial haemoglobin oxygen saturations were similar at 15 minutes with no patient's arterial haemoglobin oxygen saturation less than 95% breathing air. There were no adverse respiratory events noted either intra-or postoperatively. Surgical fire risk is likely to be increased with high FiO 2 15 , hence diathermy was not used.
Whether oxygen as an antiemetic has a place in other paediatric surgical settings associated with high rates of PONV such as tonsillectomy or strabismus surgery where different emetic triggers may be present, requires further investigation. This study suggests that an intraoperative FiO 2 of 0.8 is not effective in significantly decreasing PONV in paediatric patients having dental procedures under anaesthesia.
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